We present an effective procedure to differentiate instrumental artefacts, such as parasitic ions, memory effects and real trace impurities contained in inert gases. Three different proton transfer reaction mass spectrometers were used in order to identify instrument-specific parasitic ions. The methodology reveals new nitrogen-and metal-containing ions, which up to date have not been reported. The parasitic ion signal was dominated by [N2]H + and [NH3]H + rather than by the common ions NO + and O2 + . Under dry conditions in a PTR-QiTOF the ion abundances of [N2]H + were elevated compared to the signals in the presence of humidity. In contrast, the [NH3]H + ion did not show a clear humidity dependency. On the other hand, two PTR-TOF1000 instruments showed no significant contribution of the [N2]H + ion, which supports the idea of [N2]H + formation in the quadrupole interface of the PTR-QiTOF. Many new nitrogencontaining ions were identified and three different reaction sequences showing a similar reaction mechanism were established. Additionally, several metal-containing ions, their oxides and hydroxides were formed in the three PTR instruments. However, their relative ion abundancies were below 0.03% in all cases. Within the series of metal-containing ions, the highest contribution under dry conditions was assigned to the [Fe(OH)2]H + ion. Only in one PTR-TOF1000 the Fe + ion appeared as dominant species compared to the [Fe(OH)2]H + ion.
Introduction
In the last decades chemical ionization mass spectrometry (CIMS) [1, 2] was established as a new and powerful tool for the on-line monitoring of trace amounts of volatile organic compounds (VOCs) without requiring additional pre-separation techniques such as gas chromatography.
One of the important improvements of CIMS was the use of the hydronium (H3O + ) cation as primary ionization ion, which has led to the development of proton-transfer-reaction mass spectrometry (PTR-MS). [3] Originally, this technique was applied to determine VOCs in air. [4] Nowadays, PTR-MS has a broad application in different fields, which ranges from food science [5] [6] [7] over life [8, 9] and environmental science [9] [10] [11] [12] to process monitoring. [13] [14] [15] [16] However, reports on industrial or catalytic applications are scarce. [17] [18] [19] One of the main advantages of PTR-MS is the rather "soft" ionization of molecules by the primary ion H3O + , such that the proton-transfer can be considered to be almost non-dissociative but there are some exceptions (alcohols [20] and terpenes [21] ). Due to the low fragmentation, this technique allows the detection of molecules at their molecular mass plus one H + and, thus, it enables the analysis of complex gas mixtures without the need for previous separation methods. However, the identification of isomeric compounds becomes difficult since the have the same nominal mass for the protonated molecule. If the mass resolution is above 4000 m/Δm, some isobaric compounds can be identified. [22] To further enhance the selectivity towards the separation of isobaric ions, the coupling of a Time-Of-Flight (TOF) mass analyzer to a PTR ion source was demonstrated. [23] The advantages of TOF over quadrupole mass filters are their higher mass resolution, their short response time (1s or less), the simultaneous measurement of the whole mass spectrum and a virtually unlimited mass range.
Analyte gases must have a larger proton affinity than water (691 kJ mol -1 ) in order to enable the proton transfer:
where R is a gas phase analyte. This reaction is exothermic and proceeds at reaction rates which are close to the rate of collision (approximately: 10 -9 cm 3 molecule -1 s -1 ).
In addition, the main components of air, such as nitrogen, oxygen, carbon dioxide and methane exhibit lower proton affinities than water and thus, are not measurable. This means VOCs in these gases can be analyzed without dilution, which enhances the detection limit of the VOCs.
The main drawback of PTR is the presence of parasitic ions, such as NO + , O2 + , water clusters [(H2O)n]H3O + , [NH3]H + and [N2]H + . The presence of small amounts of NO + and O2 + has been ascribed to back diffusion of air from the drift tube region. [24] In order to minimize unwanted reactions, the amount of these ions should be less than 2% of the total ion intensity. [25, 26] Ideally, i.e. in the absence of back diffusion, only water vapor would be present in the ion source and after electron impact the H + , O + , H2 + , OH + and H2O + ions are formed. Subsequently, these ions can react with water molecules in the "source drift region" and produce H3O + ions with a purity of about 99.5%. [4] As opposed to the typical environmental application of PTR [27, 28] in which humidity and gas matrix composition are kept almost constant, in catalytic processes the gas matrix can change from dry to humid (e.g. methanol synthesis [29] ). Moreover, in standard applications the analytes are already diluted in the air sample. Thus, no additional dilution is needed, as typical concentrations already are in the desired ppb-range. Sometimes it is even necessary to preconcentrate the gas samples [30] in order to increase the sensitivity of the method. [31] In the analysis of industrial gases, however, dilution is required in order to pressure changes in the detection region of the instrument as well as remain in the linearity range of the detector. [17] In particular, avoiding the saturation of the detector is challenging since the concentration range of many compounds of interest may be quite different. Consequently, the concentration of analytes, which are already present in the ppb-range can fall below the detection limit of the instrument due to dilution, making their identification and quantification challenging.
In this work, we focus on the PTR-TOF-MS analyses of measurements that were carried out using nitrogen 5.0 (99.999% purity) and nitrogen 6.0 (99.9999%) from two different suppliers on three different PTR instruments to unravel the origin of possible artefacts in the mass spectrum. In order to identify impurities in the nitrogen gas 5.0, which may also be present as memory effects, a comparison was carried out with a gas of higher purity (N2 6.0) with and without further purification through a filter. A memory effect can be the result of a short-time high-concentration peak for a sticky substance, which is adsorbed on inlet lines or instrument parts and slowly desorbes, thus, being present in the spectra for long time. However, if certain adsorbing sites (e.g. O-rings, septa, etc.) are available, some substance can be enriched and then gradually desorbed. For the characterization of trace compounds in complex gas matrices, such as industrial gases (before and after purification) or the products of some catalytic reactions, it is crucial to understand the contribution of artefacts to the mass spectrum, especially in cases where dilution with inert gases, such as nitrogen, is compulsory. These artefacts may originate from the instrument and can coincide with some substances of interest or can even cause side reactions. In addition, we show that some parasitic ions exhibit a humidity dependence. This implies that the typical background subtraction procedure is only suitable, if the gas sample and the background have the same humidity level. Otherwise, wrong estimations and misinterpretations could be made. Comparative measurements with three different instruments located at two different sites may allow for assigning some of the peaks observed in the spectra of pure nitrogen as instrument-dependent, memory effect or gas contaminant. In order to compare the data, all instruments have the same type of ion source and the experiments were carried out under similar conditions (E/N 131 Td). A E/N range between 120 -140 Td has been established as a standard value, since it is a good compromise between excessive water cluster formation and product ion fragmentation. [8, 24] Experimental Setup
PTR-TOF-MS Instruments
A detailed description of the kind of PTR-MS instruments used in this study has been given by Lindinger et al. [9] and Sulzer et al. [32] In brief, the three instruments used for the comparison measurements were two PTR-TOF1000 instruments located at the Fritz-Haber Institute in
Berlin, Germany and a Proton-Transfer-Reaction Quadrupole interface Time-Of-Flight Mass
Spectrometer (PTR-QiTOF) located in a mobile lab-container on a steel mill plant in the Ruhr area in Germany. Further information to these instruments is given in Table 1 . All instruments were acquired from Ionicon Analytik GmbH, Innsbruck, Austria. These instruments possess the same type of ion source but the PTR-QiTOF (PTR-1) differs in its quadrupole interface, which is connected after the drift tube. This interface serves as an ion guide that focuses the ions and increases the sensitivity. [32] In this study, measurements were conducted using H3O + as primary ion. H3O + ions are generated in the hollow cathode ion source using a water vapor flow of 7 sccm in the PTR-QiTOF and 6.5 sccm in both PTR-TOF1000. The experiments with the PTR-QiTOF were carried out with N2 5.0 and N2 6.0 from supplier A. All the measured gases are connected to a Sulfinert ® -coated flow-through 10-multiport valve (MPV) from VICI Valco. The dry and humidified gases for the background measurements are generated using a certified calibration gas generator (IAS GmbH, Oberursel, Germany), which can generate gas standards of typical VOCs from a few ppb up to hundreds of ppm under dry or humid conditions. For the nitrogen 6.0, which was additionally purified with a filter, no humidification was possible, since the measurements with this extra purified gas were carried out in order to identify possible artefacts coming from the calibration gas generator and from the filter itself. The filter contains nickel and nickel monoxide as the main constituents and was purchased from the company Rainer Lammertz Pure Gas Products, Huerth, Germany. The heated line (150 °C) connecting the calibration gas generator to the MPV has also a Sulfinert ® coating. The inlet lines of all three PTR-instruments are made of polyether ether ketone (PEEK). Trace analysis on both PTR-TOF1000 instruments were conducted with N2 5.0 from supplier B. The N2 gas was directly connected to the respective inlets.
Results and Discussion
The ion distributions of the primary ion and the water clusters in the three PTR instruments, but also of the main nitrogen-containing parasitic ions that have been investigated in this work in background measurements are presented in Figure 1 and Table 2 , respectively. Less dominant artefacts, such as metal-containing ions are summarized in Table 3 . Since in general, the observed artefacts should be independent of the carrier gas used, similar measurements with He and Ar were carried out in comparison. These confirm the presence of the assigned artefact ions in this work in all inert gases commonly used as carrier gas.
Main parasitic ions
Among all possible parasitic ions, such as, the well-known NO + and O2 + or the less reported
[NH3]H + and [N2]H + , the water clusters [H2O]H3O + play a significant role in the interpretation of the mass spectra, due to the fact that they can also act as primary ions or cause the formation of association ions, which make more difficult the identification of unknown compounds. The relative abundances of the first water cluster [H2O]H3O + in PTR-2 and PTR-3 under dry conditions are around 1.5% and 0.9%, respectively. For the PTR-1 the relative abundance in the dry gas is only 0.13%. However, under humid conditions an increase of the water cluster content to approximately 10% is observed, which is similar to the values reported by Pang. [24] It can also be observed that the second water cluster [(H2O)2]H3O + (m/z 55.03897), has no significant contribution (0.017%) even under humid conditions.
Water clusters ion distribution

Nitrogen-and oxygen-derived ions
Back diffusion of nitrogen into the ion source can cause the formation of a series of different parasitic ions due to electron impact ionization, such as N2 + and N + [33] . The N3 + and N4 + ions are subsequently formed and can be explained by the following intermolecular association reactions: [34] 
In the presence of hydrogen the N2 + and N + ions can further react to: [35] 2 + + 2 → [ 2 ] + + (4)
Subsequent reactions with hydrogen may lead to the products described in (6) and (7):
The reaction of these ions with water has been extensively discussed elsewhere. [34] In the presence of water N2 + and N + ions can be transformed to: [36] 2
It has been shown that the ion [N2]H + is produced according to equation (8) with an ion distribution of about 18%. [33] The reaction of N + with NH3 would produce the same ion with a yield of 9%. [34] Besides the equations (4) and (8), the ion [N2]H + can also be formed by the following reactions: [34] 
3
Reaction (11) is fast. [35] As pointed out by Milligan et al. [37] , the [N2]H + ion can influence the signal of alkanes, since the reaction rates of this ion with alkanes are faster than those with H3O + . Figure 2 shows the relative abundances of some parasitic ions found in the three PTR-TOF-MS instruments. Regarding the NO + and O2 + ions, which are the usual parasitic ions reported in literature, [3, 4] their relative abundances in this study for all instruments were tuned to be below 0.2%. the drift tube and the mass spectrometer [38] and the [O2]H + ions have been ascribed to be formed from endothermic proton transfer reactions during ion extraction into the high-vacuum
region. [39] The presence of the parasitic ion [N2]H + was not reported in the article, in which the PTR-1 was introduced. [32] Moreover, in the presence of humidity this ion can react with water according to (13) to produce H3O + with a k-rate of 2.6 x 10 -9 cm 3 s -1 [37] (2.77 x 10 -9 cm 3 s -1 [34] and 5.5 x 10 -9 cm 3 s -1 [36] ) and with an enthalpy of around -52 kcal mol -1 (-218 kJ mol -1 ).
Nevertheless, the [N2]H + ion is still produced in the ion source with relative ion abundancies of 0.3% and 0.17% for PTR-2 and PTR-3, respectively. In addition, humidity affects the [N2]H + distribution in the PTR-1. The [N2]H + species was reduced by approximately 80% at 50% rH at 20 °C for N2 5.0 and 6.0. For the [NH3]H + ion no clear humidity dependency was observed ( Fig. 3 ). The production of this parasitic ion in the ion source of PTR-MS instruments has been previously reported [40] and it was found to be a very persistent ion. implies that ammonia is produced after successive hydrogenation reactions and it is subsequently protonated inside the ion source before it is transferred into the drift tube.
However, for a typical real gas analysis, background subtraction would eliminate the contribution of this ion. On the other hand, if ammonia is one of the target compounds, as it is known to be present in a variety of gases, such as coke oven gas [41, 42] or biogases, [43] its presence in the background would worsen the detection limit. Figure 3 shows the profile mass spectra of different nitrogen-containing parasitic ions in the different PTR devices. These ions are independent of the gas quality and, therefore, can be assigned to instrument artefacts. The corresponding ion intensities between PTR-2 and PTR-3 are similar except for N2 + , indicating that comparable chemical processes regarding the formation of NH2 + , NH3 + and [NH3]H + (NH4 + ) ions occur in their ion sources. According to Adams et al., [44] the formation of the NH4 + ion in the presence of water from NH3 + is energetically unfavorable and proceeds with an efficiency of around 1%. This would support the hypothesis of ammonia formation prior to protonation. However, Adams et al. [44] also show that the NH4 + ion can be formed by the following reaction:
Where the reaction can occur as either proton transfer from the NH3 + ion to the neutral NH3 or through H-atom abstraction from the NH3 by the NH3 + . The findings shown in Figure 3b are somehow in contradiction because the humidity dependency observed for the NH3 + ion is not reflected in the formation of the NH4 + ion. Assuming a solely protonation of NH3 from H3O + , a concentration of 2.3 ppm, 816 ppb and 857 ppb can be derived for the PTR-1, PTR-2 and PTR-3, respectively. These values are in contrast to the values reported by Norman et al., [40] who found NH3 concentrations of about 100 ppb. The proton affinity of NH3 (854.53 kJ mol -1 ) is higher than that of most of the common VOCs and, therefore, only in a few cases it may compete with the H3O + ion.
In contrast, PTR-2 exhibits a signal for N2 + , which is 178 times higher than the signal found in PTR-3 and 6.5 times higher than in PTR-1. This indicates that the decay of this ion is more efficient in PTR-3 before leaving the ion source. For PTR-1, the signal intensities of the ions NH2 + , NH3 + and N2 + depend to a certain extent on humidity. The content of these ions decreased with increasing relative humidity content (50% rH at 20 °C) by 38%, 18% and 83%, respectively. With increasing relative humidity of the inlet gas, back diffusion would promote reactions (8) and (9) and, thus, the H2O + (Figure 3c ) and [N2]H + (Figure 4a ) signals should increase. However, in the presence of humidity a slight decrease is observed for the H2O + ion, which can be explained by its consumption in the reaction with water molecules to form hydronium ions. is expected to readily produce H3O + , which is based on equation (13) . Since this reaction is exothermic and this ion does not collide with VOC molecules in the quadrupole interface, no interference is expected.
In Figure 4a it can be seen that PTR-2 and PTR-3 cannot resolve the peaks for NO + (m/z 29.9974) and [N2]H + (2) (m/z 30.0105). As pointed out by Graus et al. [22] a resolution m/Δm of at least 4000-5000 is needed in order to identify unknown substances by sum-formula assignments. Regarding the gas quality variation and the humidity change in PTR-1, the parasitic ion NO + did not show any variation. The formation of this ion has been described before. [33, 34, 45, 46] From all possible reaction channels, NO + is probably produced to a major extend by the following reactions:
3 + + 2 → + + 2 + (16)
The formation of the NO + ion takes place exclusively in the ion source. Assuming that the nitrogen is only obtained by back diffusion from the inlet into the ion source, the required oxygen for the formation of NO + comes exclusively from the decomposition of water molecules. Thus, reaction (17) becomes the most significant source for NO + . In the presence of humidity, the intensity of the O + ion drops by 60% as it is consumed by the reaction with water molecules. Consequently, a constant source of oxygen must be available in the ion source. Comparative measurements using air (Figure 4b) , showed an increase of the signal of NO + by a factor of two. Thus, the increase of the NO + signal can only be assigned to reactions (15) and (16) as a result of the higher oxygen concentration and the presence of back diffusion. This is confirmed in Figure 4d , since O2 + can only be generated in the ion source but not in the drift tube.
For the parasitic ion O2 + (Figure 4c ), its content clearly depends on humidity, which leads to a decrease of the signal of 65% in the presence of wet nitrogen gas. However, this ion is not consumed by the reaction with water molecules [33] . As N2 + and O + ions can react with oxygen to form O2 + , competing reactions with water appear dominant in the system. Table 2 shows transmission corrected and normalized ion counts for the nitrogen-containing parasitic ions found in the measurements with N2 5.0 and 6.0 under dry and humid conditions. Apart from the trend observed for hydrogenated N + species:
a similar trend was observed for NO + :
Although in both cases, the last step correspond rather to a protonation. The presence of the HNO + (or NOH + ) ion is rather surprising, since the reaction of NO + with hydrogen was shown to be ineffective. [35] Ions such as H2NO + have been reported before in a selected ion flow tube (SIFT) [33] with a 100% selectivity in the reaction with water molecules:
In addition, the reaction rate constant for the formation of the H2NO + ion has been shown to be rather small (2.57 x 10 -10 cm 3 s -1 ). [34] To our knowledge the H2NOH + ion or the subsequent protonated form [H2NOH]H + have not been observed before in PTR measurements. Müller et al. [47] reported a peak at m/z 33.0204 as DNOH + and it was assigned as instrumental the lower resolution of those instruments the overlapping of peaks could not be resolved, so that in the interpretation of the mass spectra, the ions identified in this study were overseen.
Other ions shown in Table 2 such as, the N2OH + ion, have a low reaction rate constant of formation with H2 as reported using a flowing-afterglow reaction tube. [35] The formation of this ion in the PTR-1 instrument is more likely attributable to the proton transfer reaction from the
[N2]H + ion. A similar kind of protonation for endothermic reactions has been observed for CO2. [38] In general, most of the ions reported here have been shown to be present in astrophysical environments. [48, 49] In contrast to PTR-2 and PTR-3, PTR-1 is able to resolve four peaks around m/z 31 ( Figure   5a ) reports have shown that if the occurrence of formaldehyde would be due to a memory effect, the signal in the dry and filtered gas should be higher, since a dry gas improves the sensitivity towards formaldehyde. [50] With increasing humidity the back reaction becomes more significant, as a result of the rather low exothermicity (about 5 kcal mol -1 ) of the protonation reaction. [50, 51] A humidity dependence on sensitivity has also been shown by Inomata et al. [52] and Vlasenko et al. [53] . In their reports, a reduction of almost 72 % in the formaldehyde signal is observed in the gas measured at a relative humidity of 50% at 20 °C. In this study, the reduction of formaldehyde under humid conditions accounted for about 68 % and 64% for N2 5.0 and 6.0 (from supplier A), respectively.
The methanol signal in the PTR-1 is shown in Figure 5b . No clear dependency on the humidity can be observed. This is in agreement with previous results. [50] In the filtered gas sample, the methanol signal decreases by 34%. This indicates methanol is a VOC impurity but can be present as memory effect. In Figure 5b it can be seen that the PTR-2 and PTR-3 do not resolve the peak at m/z 33. Only PTR-1 reveals an interference with the NH2OH + ion, which to our knowledge, until now has not been reported. In general, all instruments exhibit a signal for methanol, which interferes with the isobaric NH2OH + ion. For methanol analysis this kind of interference has not been reported before in the literature. [9, 20] However, the interference of the protonated molecular oxygen ion, [O2]H + , has been shown for the m/z 33. [39] Figure 5 shows that instrumental parasitic ions can be identified, since they are independent of the gas quality. However, some of them exhibit a negative humidity dependency like NOH + (Fig. 5a ), [O2]H + (Fig. 5b) , N2O + and [HN3]H + (Fig. 5d ). The protonated hydroxylamine ion
[NH2OH]H + shows no humidity dependency and, as expected for a parasitic ion, the filtering has no effect on it (Figure 5c ). Its formation remains unclear and is not the scope of this study. 5.0 and 6.0, respectively. The usually reported [54] ion of the isocyanic acid, [HNCO]H + , at m/z 44.0131 can be ruled out, since it easily undergoes hydrolysis, and therefore, it would be strongly humidity dependent, which was not observed. This peak has been assigned to the second most abundant isotope of the HN3 + ion (m/z 44.0135), which to our knowledge has not been reported in PTR measurements. Based on these findings another sequence can be assigned for the N3 + ion:
According to de Gouw and Warneke, [12] ligand switching reactions are probably a more general mechanism for causing a humidity dependent sensitivity. This is very important, since in the measurement of catalytic processes, the background is usually measured with the purging dry gas (e.g. Ar or N2) at the beginning of the reaction. Under reaction conditions the water content may change and, consequently, an artefact can exhibit an increase or decrease of the signal by an order of magnitude. This would complicate the background subtraction during the data processing.
Minor parasitic ions
Metal-containing ions
In the analysis of industrial process gases or products of heterogeneous catalytic reactions, metal-containing compounds can be found. [55] Iron-or nickel-based materials are commonly used as catalysts or in purification processes. Thus, special attention was set to the presence of possible metal-containing ions in background measurements, which could interfere with metalcontaining compounds in the real industrial process gases. Figure 6 , Figure 7 and Figure 8 show some metal species from Cr + , Fe + and Ni + , respectively and a few of their reaction products.
These ions are assigned to originate from the ion source as a consequence of the electron bombardment on metal surfaces. Because these metal ions are independent of the buffer gas used, they can be easily assigned as instrument artefacts. All species found, are given in Table   3 . The following reaction sequence was observed for these metal ions: decreases about 23% in PTR-1, which can be assigned to subsequent reactions with oxygen or water molecules. All chromium intermediates (see Table 3 ) show a decrease with humidity except for the [CrOH]H + ion (m/z 69.9505), which exhibits a signal three times higher compared to dry conditions. However, at this stage, it remains unclear if the assigned ion really forms or instead the association ion [Cr + ]H2O is the species observed. In contrast to iron ( Figure   7 ) and nickel (Figure 8 
Iron species
Similarly to chromium, the iron ion (Fe + ) shown in Figure 7a exhibited a signal in PTR-2 30
times higher than in PTR-3, which is presumed to be due to aging of the ion source. This signal increase can be used as an indicator of aging. Until now, the usual procedure for checking the aging of the ion source is to follow the drop in sensitivity of the VOCs of interest, which has to be compensated by increasing the current in the ion source. Figure 7b shows a decrease of about 98% for the FeO + ion in the presence of humidity in the PTR-1. By comparing the N2 5.0 with 6.0, it can be seen that this ion exhibits a signal drop of about 20% in N2 5.0 compared to N2 6.0. This effect can be ascribed to the higher water content in N2 5.0. The [Fe(OH)3]H + ion ( Table 3) From all metal-containing ions, the highest contribution in the mass spectra was ascribed to the [Fe(OH)2]H + ion in the PTR-3 and in the PTR-1 with relative ion abundancies of 0.002% and 0.003%, respectively. Only in the PTR-2, the Fe + ion appeared as dominant metal species (0.023%) followed by the [Fe(OH)2]H + ion (0.006%).
Nickel species
In general, nickel species showed a similar trend like iron. Figure 8a shows that the Ni + ion (m/z 57.9348) exhibited in PTR-2 a nine times higher signal than in PTR-3. In the presence of humidity, the Ni + ion showed an ion intensity decrease of 56 % in PTR-1, as a consequence of its consumption in subsequent reactions. Figure 8b shows that signal intensity of the [NiOH]H + ion decreases by about 19 % in the presence of humidity. In a similar fashion like chromium or iron ions, this ion reacts possibly with water molecules following the sequence in equation 22 . The [Ni(OH)2]H + ion (Figure 8c ) showed no clear trend and its lower signal under humid conditions may indicate its consumption in further reactions. In summary, the metal-containing ions exhibit relative ion abundancies below 0.01% in all instruments. Due to the fact, that the tentative assignment of chemical formulas could be associated to different isomeric species, deeper investigations are needed. Moreover, some theoretical calculations are planned in order to clarify the probability of formation of some ions or clusters (association ions). Table 3 shows a complete list of the main isotopes of metal-containing ions, which could be identified as instruments artefacts. Tentative chemical formulas were assigned to the peaks found in the mass spectra of background measurements using N2 5.0 and 6.0 under dry and humid conditions. It became clear that most of these parasitic ions exhibited a humidity dependency. This could be quite helpful because ions that apparently cannot be sensed under dry conditions are measurable in the presence of humidity.
Implications on full spectra
If PTR-TOF-MS is applied for the trace analysis of complex gas mixtures like e.g. metallurgical gases (coke oven gas, blast furnace gas and basic oxygen furnace gas), the contribution of the instrument artefacts as well as the VOCs in the diluent have to be considered. This is required for a correct interpretation of the obtained spectra as these gases usually have to be strongly diluted before analysis. Figure 9 shows an average mas spectrum obtained from the measurement of nitrogen 5.0 under dry conditions in the PTR-1. At first glance, it becomes clear that the amount and intensities of artefacts at the trace level is quite significant and, therefore, their differentiation from real VOCs has to be done in order to avoid possible misinterpretations or, in the case of humidity dependent artefacts, even misestimations. In Figure 9 , ion masses at m/z 37 and 55 correspond to the first and second hydronium-water clusters, respectively. In the m/z range 36-130, the second and third most intense peaks were assigned to the N3 + ion at m/z 42, followed by the HCOO + ion at m/z 45.
However, when CO2 is present in the gas matrix, the formation of the protonated ion [CO2]H + at m/z 45 is also possible. [38] Among the metal-containing species, the [Fe(OH)2]H + ion at m/z 91 exhibited the highest intensity. Figure 9 shows that many metal-containing ions contribute to the background signals. Because most of them exhibit a humidity dependency, their complete elimination by background subtraction might be difficult, but for a meaningful analysis of complex gas mixtures their contribution has to be incorporated in the interpretation of the obtained results.
Conclusions
A straightforward methodology was introduced in order to identify instrumental artefacts in PTR-MS analysis. Parasitic ions, memory effects and real trace impurities can be identified during background measurements when using conventional inert gases, such as nitrogen. It was found that instrumental parasitic ions are independent of the gas quality used, which enables their differentiation from real VOCs. Their intensities still may depend in some cases on the water content in the different gas qualities and in the system and thus, their humidity dependency can further complicate the interpretation of the mass spectra. For the applied PTR 
